Aims: To examine the effectiveness of the Montreal Cognitive Assessment (MoCA) to screen people with mild cognitive impairment (MCI), to associate the MoCA score with the presence of infarction, and to detect the characteristics of people with very mild subcortical vascular dementia (vmSVD). Methods: 392 out of 886 community dwellers aged 75 years and above living in Kurihara, Northern Japan, agreed to participate in our study; 164 scored a Clinical Dementia Rating (CDR) of 0 (healthy), 184 scored a CDR of 0.5 (MCI) and 44 scored a CDR of 1+ (dementia). The participants scoring a CDR of 0.5 were divided into 2 subtypes: 37 had vmSVD and 147 had other types of dementia. The objective variables were the total MoCA, the MoCA subscale and the Mini-Mental State Examination (MMSE). Results: There was a difference in the MoCA and MMSE scores between the 3 CDR groups. The MoCA score overlapped in participants with CDR 0 and 0.5. There were significant CDR effects, while there were no significant infarction effects for the MoCA and MMSE. vmSVD participants had lower scores on the total MoCA, the MoCA attention subscale and MMSE than healthy elderly people and participants with other types of dementia. Conclusion: Our results suggested that MMSE performed rather well and that the MoCA is not superior to MMSE in MCI and vmSVD participants aged 75 and above in a community.
Introduction
Mild cognitive impairment (MCI) [1, 2] or a Clinical Dementia Rating (CDR) of 0.5 [3, 4] is a transitional state between normal/healthy and dementia. People with MCI or CDR 0.5 show some neuropsychological deficiencies, such as loss of memory, attention, and visuospatial and executive functions [5] [6] [7] [8] [9] . This state should be detected for a possible prediction of dementia. CDR 0.5 with cerebrovascular disease (CVD) [10] was defined as vascular cognitive impairment no dementia (VCI-ND), and VCI-ND with neurological signs included subcortical vascular dementia (SVD) [11] . In a previous study, 37.5% of the participants scoring a CDR of 0.5 had VCI-ND [12] . 7% of those VCI-ND participants met the criteria for SVD. The participants with SVD were at a very mild state (CDR 0.5) and then progressed to a mild state (CDR 1) due to poor control of vascular risk factors [11] . Individuals with very mild SVD (vmSVD) are treatable, although most of them are hidden within the community [11] .
Since the CDR requires information from collateral sources, it is difficult to rate people who live alone [13] . A supplementary neuropsychological screening test is needed for an early detection of individuals with CDR 0.5 in a community. The Mini-Mental State Examination (MMSE) [14] is a screening test for the detection of dementia, but it is not suitable to detect very mild cognitive impairment before dementia.
The Montreal Cognitive Assessment (MoCA) was developed by Nasreddine et al. [15] in 2005 to detect people with amnestic MCI in a clinic-based study. In community-based studies, people with amnestic MCI or Alzheimer's disease had significantly lower MoCA scores than healthy elderly [16] . Since low educational levels influence the MoCA score [15, [17] [18] [19] , one point is added to the original method when a participant has a low educational level [15, 17] . However, there have been no detailed reports on large populations aged 75 years and more (75+) using the MoCA so far.
A previous study suggested that the attention subscale of the MoCA was uniquely predictive of rehabilitation success for geriatric inpatients, and attentional abilities may need to be attended to specifically in poststroke rehabilitation [20] . The MoCA attention subscale consists of a forward digit span, a backward digit span, vigilance and serial 7s [15] . The forward digit span test studies the short-term retention capacity [21] , and the backward digit span test requires people to hold information in mind while performing a mental operation (i.e. working memory) [21] . The vigilance test examines the ability to sustain and focus attention, and the serial 7s test is intended to measure attention and calculation [21] .
Regarding CVD, Godefroy et al. [22] reported that among patients who suffered an acute poststroke, those with cognitive impairment scored significantly lower using the MoCA than patients without cognitive impairment. A recent report suggested that the MoCA is more sensitive than MMSE in patients with subcortical VCI [23] . However, so far there has been no report studying the relationship between the MoCA attention subscale and CVD.
As described above, there have been no reports on people aged 75+ with a CDR of 0.5 using the MoCA in a community. In addition, there have been no reports on participants with chronic cerebral infarction and vmSVD using neuropsychological screening tests such as the MoCA, specifically the MoCA attention subscale, in a community.
The aims of this study were (1) to examine the effectiveness of the MoCA to screen people aged 75+ with a CDR of 0.5 (MCI) in a community, (2) to associate the MoCA score with the presence of infarction, and (3) to detect the characteristics of vmSVD participants.
Participants
From September 2009 to December 2010, 886 people aged 75+ living in the model area of Kurihara, Northern Japan, were approached to participate in the study. Figure 1 shows the recruitment protocol for selecting the participants. 392 of the 886 community dwellers agreed to participate (44.2%); 164 scored a CDR of 0, which means they are healthy elderly, 184 scored a CDR of 0.5, which means they have MCI, and 44 scored a CDR of 1+, which means they have dementia. Participants with a CDR of 1+ included those with a CDR of 1 (n = 29), CDR of 2 (n = 13) and CDR of 3 (n = 2). We obtained written informed consent from all participants. We utilized the CDR, clinical examination, blood tests, neuropsychological tests and magnetic resonance imaging (MRI). The participants with a CDR of 0.5 were divided into 2 subgroups: 37 of the 184 with a CDR of 0.5 had vmSVD and 147 had other types of dementia. The procedures of CDR assessment and MRI, and the diagnostic criteria for dementia and CDR 0.5 subtypes (vmSVD and other types of dementia) are described below. We excluded 1 participant (age 85 years, education 8 years) with other types of dementia from the analyses, since she did not complete the MoCA as she refused to reply to the delayed recall subscale of the MoCA.
CDR Assessment
A clinical team comprised of skilled physicians (neurologists and one psychiatrist) and skilled public health nurses determined the CDR for each participant [3, 4] ; they were blinded to the cognitive test results and they used the full questionnaire of the Japanese version of the CDR scoring sheet [24] . Before the interviews with the physicians, the public health nurses visited the participants' homes in order to evaluate their daily activities. Observations from family members regarding the participants' lives were described in a semistructured questionnaire. Participants who lived alone were visited frequently by public health nurses in order to evaluate their daily lives. The physicians interviewed the participants to assess episodic memory, orientation and judgment. Finally, with reference to the information provided by the family members, the CDR for each of the participants was determined at a joint meeting of the physicians and public health nurses. One of the authors (K.M.) is certified as a CDR rater from the Washington University School of Medicine, Alzheimer's Disease Research Center, Memory and Aging Project. We used CDR scores and CDR-sum of box (CDR-SOB) scores. 
Magnetic Resonance Imaging
We used a 1.5-Tesla MRI (Achiva 1.5T or Intera 1.5T, Philips Electronics, Japan). A combination of axial T1-weighted, T2-weighted and fluid attenuated inversion recovery (FLAIR) images was used to evaluate CVD. Lesions were considered to be CVD when they demonstrated low intensity on the T1-weighted or FLAIR images and high intensity on the T2-weighted image at the same location. We operationally considered those changes with diameters 6 4 mm as CVD (presence of cerebral infarction). The images were visually evaluated by two teams, which consisted of two neurologists and a psychiatrist, and a senior neurologist [12] .
Diagnostic Criteria for Dementia and CDR 0.5 Subtypes Dementia was diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders , 4th Edition, (DSM-IV) criteria [25] . In this study, we divided CDR 0.5 subtypes into 2 groups: vmSVD and other types of dementia.
vmSVD. In accordance with Erkinjuntti et al. [26] , participants who met the following criteria were diagnosed with SVD: a score on the memory item of the CDR of 0.5 or more, the presence of executive dysfunction (we used a mean performance time + 1 SD on the Trail-Making Tests A or B stratified by age and educational levels [7] ), 5 or more lacunar infarctions along with white matter lesions, the presence of neurologic signs, and the absence of cortical infarctions (8 mm and over) using MRI. The participants with SVD who scored a CDR of 0.5 were diagnosed with vmSVD in this study [11] .
Other Types (of Dementia). We included all participants with a CDR score of 0.5 but no vmSVD in this study.
Measures
We used the Japanese version of the MoCA [15] (MoCA-J [17] ) and MMSE [14] as neuropsychological tests for the assessment of all participants. In this study, the MoCA and MMSE were 30-point tests administered in 15 and 20 min, respectively. About MoCA scoring, if education was ^ 12 years, we added 1 point to the total score [15, 17] . The MoCA consists of 8 subscales: visuospatial/executive function (alternating Trail-Making, cube copy, and clock-drawing task), naming (3 animals), memory (only repeat, no points), attention (forward and backward digit span, target detection using tapping, and a serial subtraction task), language (sentence repetition and verbal fluency), abstraction, delayed recall (5 nouns, after approximately 5 min), and orientation (time and place) [15] . The cutoff point of the MoCA-J was 25/26 (sensitivity 93% and specificity 87%) in screening MCI (n = 30, mean age 77.3 years, mean education 11.5 years) in a clinic-based study [17] .
We used the Japanese version of MMSE [14] for assessing general cognitive functions, and compared MMSE with the MoCA. MMSE consists of orientation, registration, serial 7s, recall, naming, repetition, comprehension, reading, writing and drawing. The MMSE score significantly declined with age and lower educational level, although no effect of sex was apparent in healthy elderly in the Japanese community [27] .
Analyses
Screening a CDR of 0.5 (MCI) We compared the total MoCA score, the MoCA subscale scores and MMSE scores in 3 CDR groups. We used the 2 test (significant level: p ! 0.005; d.f. = 2) for sex, percentages of education ^ 12 years and presence of infarction, the one-way ANOVA (p ! 0.005; d.f. = 2, 389) with Bonferroni's post hoc test (p ! 0.05) for age, education and CDR-SOB. We used the oneway ANCOVA (p ! 0.005; d.f. = 2, 389; covariates: age and education, p ! 0.05) with Bonferroni's post hoc test (p ! 0.05) for the total MoCA, the MoCA subscales and MMSE scores.
We calculated the area under the curve (AUC) of the receiver operating characteristic (ROC) curve (and its 95% CI) of the MoCA and MMSE (CDR 0.5 vs. CDR 0; CDR 0.5 or more vs. CDR 0). Participants with a CDR of 0.5 or more included those with a CDR of 0.5 (n = 184) and CDR of 1+ (n = 44). Sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) as well as likelihood ratios were calculated with standard formulas. We compared the AUC of the MoCA with that of MMSE using the paired z test [28] .
Infarction Effect (Absence vs. Presence) In this study, the presence of an infarction indicated cerebral infarctions 6 4 mm in size, and the absence of an infarction indicated ! 4 mm or no cerebral infarctions on the MRI. Since almost half of our participants had one or more infarctions, we investigated the effect of cerebral infarction on the MoCA.
We divided CDR 0 participants into 2 groups: infarction present (n = 65) and absent (n = 93), and CDR 0.5 participants into 2 groups: infarction present (n = 96) and absent (n = 83). We compared the total MoCA, the MoCA subscales and MMSE scores using 2 ! 2 AN-COVA (CDR 0 vs. CDR 0.5 ! infarction present vs. infarction absent; p ! 0.005; d.f. = 3, 333) with the covariates age and education (p ! 0.05).
Detecting vmSVD
We compared the total MoCA, the MoCA subscales and MMSE scores in the 3 groups: healthy elderly (n = 164) versus vmSVD (n = 37) versus other types (n = 147). We used the 2 test (significant level, p ! 0.005; d.f. = 2) for sex and percentage of education ^ 12 years, and the one-way ANOVA (p ! 0.005; d.f. = 2, 345) with Bonferroni's post hoc test (p ! 0.05) for age, education and CDR-SOB. We used the one-way ANCOVA (p ! 0.005; d.f. = 2, 344; covariates: age and education, p ! 0.05) with Bonferroni's post hoc test (p ! 0.05) for the total MoCA, the MoCA subscales and MMSE scores.
We calculated the AUC of the ROC curve (and its 95% CI) of the MoCA, MMSE and the combination of both the MoCA attention subscale and MMSE (vmSVD vs. CDR 0). We compared the AUC of the MoCA and the combination of both the MoCA attention subscale and MMSE with that of MMSE using the paired z test [28] .
Ethics
Written informed consent was obtained from every participant with a CDR of 0 and 0.5 and from the family of those with a CDR of 0.5 and those with dementia. The study was approved by the Ethics Committees of the Kurihara City government and Tohoku University Graduate School of Medicine. Table 1 shows the demographic information and the mean scores of the total MoCA, the MoCA subscales and MMSE of the 3 CDR groups. Among the demographic variables, there were significant differences between the 3 groups in age, education and CDR-SOB. The CDR 0.5 group had a significantly higher age and CDR-SOB score, and lower education than the CDR 0 group. Most of the participants had a low educational level ( ^ 12 years, 382/392 = 97.4%; ! 12 years, 340/392 = 86.7%).
Results

Screening a CDR of 0.5 (MCI)
In the neuropsychological tests, there were significant differences between the 3 CDR groups in the total MoCA score, the MoCA subscale score including visuospatial and execu-tive function, naming, attention, abstraction, delayed recall and orientation, and MMSE score. In all of them, the CDR 0 group had higher scores than the CDR 0.5 group, which had higher scores than the CDR 1+ group except for delayed recall.
Cutoff Score of CDR 0.5 or More versus CDR 0 The AUC of the ROC curves of the MoCA and MMSE were 0.76 (p ! 0.001, 95% CI 0.72-0.81) and 0.74 (p ! 0.001, 95% CI 0.69-0.79), respectively. The cutoff scores of the MoCA and MMSE were 19/20 and 24/25, sensitivity was 71.5 and 73.2%, and specificity 66.5 and 59.0%, respectively; the PPV were 74.8 and 71.1%, and the NPV 62.6 and 61.1%, respectively. The positive likelihood ratios were 2.13 and 1.79, and the negative likelihood ratios 0.43 and 0.45, respectively ( fig. 2 a) . There was no significant difference between the AUC of the MoCA and MMSE (Z = 1.09, p = 0.276) using Z-score analysis.
Cutoff Score of CDR 0.5 versus CDR 0 The AUC of the ROC curves of the MoCA and MMSE were 0.73 (p ! 0.001, 95% CI 0.68-0.78) and 0.70 (p ! 0.001, 95% CI 0.64-0.75), respectively. The cutoff scores of the MoCA and MMSE were 19/20 and 24/25, sensitivity was 66.3 and 68.5%, and specificity 66.5 and 58.5%, respectively; the PPV were 68.9 and 64.9%, and the NPV 63.7 and 62.3%, respectively. The positive likelihood ratios were 1.98 and 1.65, and the negative likelihood ratios 64.5%; CDR 0.5 with infarction 57.3% vs. without 65.1%). For 2 ! 2 ANOVA, there were significant CDR effects on age (F = 12.0, p = 0.001), education (F = 12.0, p ! 0.001) and CDR-SOB (F = 243.9, p ! 0.001); however, there were no significant infarction effects on any of them (F = 5.6, 0.7 and 0.1, p = 0.018, 0.415 and 0.723, respectively).
In the neuropsychological tests, there were significant CDR effects on the total MoCA (F = 36.1, p ! 0.001; age effect, p = 0.025; education effect, p ! 0.001) and MMSE (F = 24.5, p ! 0.001; education effect, p ! 0.001); however, there were no significant infarction effects on any of the scores (F = 0.8 and 0.1, p = 0.379 and 0.921, respectively). In the MoCA subscale, there were significant CDR effects on visuospatial/executive function (F = 8.6, p = 0.004; education effect, p ! 0.001), attention (F = 17.1, p ! 0.001; education effect, p ! 0.001) and delayed recall (F = 28.1, p ! 0.001; age effect, p = 0.028); however, there were no significant infarction effects on any of the subscale scores (F = 1.6, 1.8 and 0.5, p = 0.212, 0.180 and 0.494, respectively).
Detecting vmSVD
Looking at the demographics, there was no significant difference in the percentage of females among the healthy, the vmSVD and the other types groups (57.9 vs. 54.1 vs. 63.3%, F = 1.5, p = 0.477). There were significant differences between the 3 groups in age (F = 9.0, p ! 0.001), education (F = 10.0, p ! 0.001) and CDR-SOB (F = 138.9, p ! 0.001). The vmSVD group had a significantly higher age and SOB score, and lower education level than the healthy elderly group but not the other types group.
In the neuropsychological tests, there were significant differences between the 3 groups in the total MoCA score (mean: 21. The vmSVD group had lower scores than the other types group, which had lower scores than the healthy group in the total MoCA, the MoCA attention subscale and MMSE. The vmSVD and the other types groups had lower scores than the healthy elderly group in visuospatial/executive function and delayed recall. Figure 4 shows the MoCA total score ( fig. 4 a) and the MoCA attention subscale score ( fig. 4 b) of the 3 groups. Cutoff Score of vmSVD versus CDR 0 The AUC of the ROC curves of the MoCA, MMSE and the combination of both the MoCA attention subscale and MMSE (full score 36) were 0.83 (p ! 0.001, 95% CI 0.76-0.89), 0.84 (p ! 0.001, 95% CI 0.76-0.91) and 0.84 (p ! 0.001, 95% CI 0.76-0.93), respectively. The cutoff scores of them were 18/19, 23/24 and 26/27, sensitivity was 78.4, 81.1 and 81.1%, and specificity 73.8, 75.6 and 76.8%, respectively; the PPV were 40.3, 42.9 and 44.1%, and the NPV 93.8, 94.7 and 94.7%, respectively. The positive likelihood ratios were 2.99, 3.32 and 3.50, and the negative likelihood ratios 0.29, 0.25 and 0.25, respectively ( fig. 2 b ). There were no significant differences between the AUC of the MoCA and MMSE (Z = -0.28, p = 0.779), and those of the combination of both the MoCA attention subscale and MMSE (Z = 0.55, p = 0.960).
Discussion
In this study, there was a significant difference in the MoCA and MMSE scores between the 3 CDR groups (CDR 0 1 CDR 0.5 1 CDR 1+). However, the MoCA score overlapped in CDR 0 and CDR 0.5 participants. There were significant CDR effects, while there were no significant infarction effects for the MoCA and MMSE (2 ! 2 ANCOVA). vmSVD participants had significantly lower scores of the total MoCA, the MoCA attention subscale and MMSE than healthy elderly and other types participants. The total MoCA and the MoCA attention subscale may detect the characteristics of vmSVD in the elderly.
Screening a CDR of 0.5 (MCI)
There was a significant difference in the total MoCA and MMSE scores between the 3 CDR groups (CDR 0 1 CDR 0.5 1 CDR 1+). Our findings are consistent with previous studies using MCI criteria in a community [16] . In our results, the AUC of the ROC curves (CDR 0.5 and more vs. CDR 0) of the MoCA was slightly larger than that of MMSE; however, the MoCA scores overlapped in the CDR 0 and CDR 0.5 participants on the histogram. Our cutoff point was less than 20, and it was lower than in previous studies [15] [16] [17] . Previous studies showed several cutoff points in healthy elderly and MCI participants; cutoff score 1 was ^ 23 in the community-based study [16] , and cutoff score 2 was ! 26 in the clinic-based studies in Canada [15] and Japan [17] . The reason why our MoCA score was lower than in previous studies was that our participants had old-old age (75+ years) and low education ( ^ 12 years: 97.4%; ! 12 years: 86.7%). In previously published normative data, the MoCA score in the age [18] . Table 2 shows the MoCA (raw score) by educational level in healthy elderly. In participants educated for 6 13 years, our data and the previous study's data [18] yielded almost the same MoCA score. Meanwhile, in people educated for 10-12 and 7-9 years, our data resulted in a higher MoCA score than the previous study's data (22.0 vs. 20.35 and 19.5 vs. 16.1) [18] . One of the reasons may be that groups with a low educational level may be culturally different. Since our population consisted of a relatively large number of participants aged 75+ and had low education, it contributes to the normative data in a community-based study.
Infarction Effect (Absence vs. Presence)
Nearly half of our participants had cerebral infarction due to the fact that they were oldold people living in a rural community. In our results, there were significant CDR effects but no significant infarction effects on the MoCA and MMSE. However, a few participants with large cortical infarctions (n = 12, 1 8 mm on MRI) had lower MoCA scores than participants without infarctions. As a reference for discussion, the mean (SD) MoCA total score of CDR 0 participants with large cortical infarctions (n = 4) was 17.0 (3.7), and that of CDR 0.5 participants with large cortical infarctions (n = 8) was 14.3 (3.5). We found lesions of large cortical infarctions at the following locations: right and left anterior cerebral artery hemispheric brain and pericallosal brain, right and left middle cerebral artery (MCA) hemispheric brain, right MCA penetrating brain and left posterior inferior cerebellar artery. Since there was a very small number of participants with large cortical infarctions in this study, this will need to be investigated in the future.
Detecting vmSVD vmSVD participants had significantly lower total MoCA, MoCA attention subscale and MMSE scores than healthy elderly and other types of dementia with CDR 0.5. This result suggests that the MoCA and MMSE, especially the MoCA attention subscale, are effective in detecting characteristics of people with vmSVD opposed to healthy elderly and other types of dementia with CDR 0.5. The total MoCA, MMSE and the combination of both the MoCA attention subscale and MMSE are good screening tests for detecting vmSVD; however, there were no significant differences in the AUC of the ROC curves among these tests in our study.
The MoCA attention subscale contains forward and backward digit span tests. Swartz et al. [29] used forward and backward digit span tests as part of their working memory and attention tasks, for brain measurements of normal, cognitive impairment no dementia and vas- ≤6 years = Elementary school; 7-9 years = junior high school; 10-12 years = high school; ≥13 years = university (in the Japanese old education system).
ANOVA: F = 9.26, p < 0.001; Bonferroni's post hoc test (p < 0.05): ≤6 years = 7-9 years < 10-12 years = ≥13 years. cular dementia participants. They reported that large cortical strokes and anterior-medical thalamic hypersensitivity were related to working memory/attention and short-term memory, i.e. the thalamico-cortical network [29] . It is therefore likely that the MoCA is able to detect participants with deficits in attention and working memory, such as participants with vmSVD.
Limitations
We used Erkinjuntti et al.'s [26] criteria for vmSVD participants. Although based on Erkinjuntti et al.'s criteria, the term 'very mild subcortical vascular dementia (vmSVD)' is debatable as it includes both vascular MCI and vascular dementia; both are now grouped under the term 'vascular cognitive impairment (VCI)' [30] . However, since vmSVD patients have some vascular risk factors, they could be therapeutically objective. The measurement of executive dysfunction in Erkinjuntti et al. is not clear. In this study, executive dysfunction was examined using Trail-Making Tests A and B, and this may be a limitation of the study. However, these tests have been validated in part as indexes of the assessment of executive functions [31] . The MoCA visuospatial/executive subscale contains a short version of the Trail-Making Test B. However, in our study, there was no significant association in the MoCA visuospatial/executive subscale between participants with vmSVD and other types of dementia.
The grouping according to 'presence of infarction' was an operational definition using MRI in this study. In the future, the association between the MoCA scores and focal brain lesions needs to be assessed in all participants.
It is worthy to consider categorizing the MoCA subscales. It would be prudent to point out that these are derived via clinical intuition, and in fact the argument could be made that some items could be considered to fall into more than one subscale. For example, some would consider verbal fluency to be also an executive function task [31] , and naming to be also a language task.
Conclusions
We recommend to use the MoCA carefully as a reference test to detect CDR 0.5 people who are aged 75+ and have low education ( ! 12 years) in a community. Our results suggest that MMSE performed rather well and that the MoCA is not superior to MMSE in MCI and vmSVD participants aged 75+ in a community. We will perform further research in a clinicbased study on participants with CVD and low MoCA scores, and in a longitudinal study on participants with dementia predictors.
